This is an Open Access article licensed under the terms of the Creative Commons AttributionNonCommercial 3.0 Unported license (CC BY-NC) (www.karger.com/OA-license), applicable to the online version of the article only. Distribution permitted for non-commercial purposes only. were investigated in adrimycin-induced nephropathy (AN) mice. The effect and mechanism of IL-17 on podocyte were explored in cultured podocytes. Results: The proportion of Th17 cells in peripheral blood mononuclear cells, the amount of IL-17 in serum and kidney cortical homogenates, and the expression of IL-17R and c-mip in glomerular podocyte were increased obviously in AN mice. In cultured podocytes, recombinant IL-17 led to an induction of apoptosis and cytoskeletal disorganization, an overproduction of c-mip while downof c-mip prevented podocyte apoptosis and reduction of phosphor-nephrin by prompting regulated pro-survival protein Bcl-2 and decreased podocyte apoptosis, but had no effect on phosphor-nephrin level. Conclusion: released by Th17 cells plays a key role in podocytopathy most likely through down-regulation of phosphor-nephrin and Bcl-2 level via overproduction of c-mip.
Introduction
Nephrotic syndrome (NS) is the most common glomerular disease in children and adults, characterized by massive proteinuria, hypo-albuminuria, generalized edema, and hyperlipidemia [1] . In recent decades, it has been well known that podocyte, the glomerular visceral epithelial cell, is required for maintaining the structural integrity of glomerular iltration barrier by e tending ma or processes and foot processes ( s) from a large cell body and forming the slit diaphragm (SD) between neighboring podocyte s, which establishes the permselectivity of glomerular ilter [1, ] . pon podocyte in ury, the alteration of s and SD results in effacement of s and leads to the development of proteinuria [1, ] . lthough proteinuria is the ma or and independent risk factor for the progression of kidney diseases to end stage renal failure, the underlying mechanism remains unclear.
Nephrin, a key component of SD, not only serves as a structural linker between the SD and the actin cytoskeleton, but also participates in the signaling events that regulate the overall structure and function of podocyte since the intracellular domain of nephrin has 10 tyrosine residues that are phosphorylated by the Src kinase yn [ ]. Several clinical and e perimental observations showed reduction of tyrosine phosphorylated nephrin (phosphor-nephrin) in some proteinuric glomerular diseases [4, 5] . It was reported that c-maf inducing protein (c-mip) is overproduced in podocytes during glomerular damage and interferes with podocyte signaling by preventing the interaction of nephrin with yn, thereby decreasing nephrin phosphorylation [6] . Moreover, c-mip inhibits the interaction between nephrin and the adaptor protein Nck and between yn and the actin nucleation protein N-S , potentially accounting for cytoskeletal disorganization and s effacement [6] . It should be noted that c-mip was irstly identi ied in lymphocytes of patients with minimal change nephritic syndrome (MCNS) e periencing a relapse [ ]. igher e pression of B -1 (also termed CD 0), a co-stimulatory molecule generally present on the surface of B lymphocytes and antigen-presenting cells, was also found in glomerular podocytes in human and e perimental NS [ ]. he induction of c-mip and B -1 in both lymphocytes and podocytes provides further evidence that there may be some relationship between lymphocyte and podocyte in MCNS. arly in 1 0s, it was proposed that MCNS is a disorder of lymphocyte function with increased levels of lymphocyte-released cytokines, which could induce podocyte in ury and thus increase glomerular permeability to plasma proteins [ ].
lthough the indings of disturbance of both lymphocyte and glomerular podocyte in the disease suggest that a putative factor produced by immune cells may alter podocyte function leading to nephrotic proteinuria, the mechanism underlying the pathophysiology of podocyte damage and proteinuria development is still not understood very well.
Recently, regulatory cells ( reg cells) and -helper1 ( h1 ) cells have been described as two distinct subsets that play opposite roles [10] . It was reported that the severity of NS is associated with the decreased activity of reg cells [ , 11, 1 ] . Similar inding showed that peripheral blood mononuclear cells ( BMC) of children with NS e hibited a reduction in reg cells that is in parallel to an increase in h1 cells [1 ] . reg cells have an anti-in lammatory role and maintain tolerance to self-components through direct contact with cells or by releasing anti-in lammatory cytokines such as I -10 and -[ , 14 ]. Nevertheless, h1 cells play a key role in induction of autoimmune tissue in uries and in lammation by releasing I -1 [15] . herefore, the disturbance of reg and h1 cells may alter the balance of cytokines production thus possibly leading to podocyte in ury in NS diseases.
In the current study, the proportion of reg and h1 cells in BMC as well as the serum level of some related cytokines have been evaluated in adriamycin ( DR)-induced nephropathy ( N) mice, in which podocyte is regarded as a predominant target of in ury [16, 1 ] . he effects of recombinant I -1 (rI -1 ) on c-mip e pression and phosphor-nephrin level were investigated in cultured mouse podocyte.
Mouse podocyte culture and treatment
Immobilized mouse podocyte clone from Dr. . Mundel was cultured at o C for proliferation in R MI 1640 media supplemented with 10% fetal calf serum ( ibco), 100 ml enicillin Streptomycin, and 15 ml murine recombinant -interferon ( ife echnologies). fter 1 week, cells were transferred to collagen I coated plates and differentiated at C for 14 days by removal of -interferon. Differentiated podocytes were treated with 100 ng ml of recombinant mouse I -1 (R D) for different time points. Cells between passages 15 and 5 were used in this study. poptotic podocytes was assessed by using low cytometry assay through nne in -I C and I staining (BD Biosciences). entiviral shRN was used to silence the e pression of mouse c-mip. he validated shRN sequence of mouse c-mip is 5 -ctcttcacccaggagtatatctc-. Non-target shRN lentiviral particles were used as control. odocytes were cultured in 60-mm plates, and 10 l of shRN lentivirus ( 10 6 ) were applied for 4 h. In this study, phorbol 1 -myristate 1 -acetate ( M 100 nM) was used to induce persistent activation of N -B.
ELISA assay
he levels of mouse serum -, I -1 , I -, I -10, I -6, and I -4 were measured using nzymeinked Immunosorbent ssay ( IS ) according to the instructions of manufacturers ( bcam). ll samples were used in duplicate.
Analysis of Th17 and Treg cells
eripheral blood mononuclear cells ( BMCs) were obtained by standard procedure. or analysis of h1 , 1 10 6 cells per ml were cultured in a 4-well plate in R MI 1640 media containing 100 ml enicillin Streptomycin, mM glutamine, and 10% fetal calf serum. Cultures were stimulated with M (50 ng ml), ionomycin ( M BD Biosciences) and monensin (1 g ml Sigma) at o C for 5 h. Cells were washed twice with 1 phosphate-buffered saline ( BS), and incubated with C con ugated anti-CD4 antibody (BD Biosciences) at 4 C for 0 min. or analysis of reg, BMCs were incubated with I C con ugated anti-CD4 and con ugated anti-CD 5 antibodies at 4 C for 0 min. ollowing surface labeling, cells were washed twice, i ed and permeabilized, and then stained with con ugated anti-I -1 antibody (eBioscience) for h1 detection or with C con ugated anti-o p antibody (eBioscience) for reg detection. Normal isotype controls were given to enable correct compensation and con irm antibody speci icity. Stained cells were analyzed by using low cytometric analysis ( Cscan).
Quantitative RT-PCR
otal RN was e tracted from cultured podocytes, mouse BMCs and kidney corte with RIzol reagent ( ife echnologies), and g of RN was reversely transcribed to cDN using cDN synthesis kit ( ife echnologies). qual amount of cDN ( l) was used to perform quantitative CR with S BR reen Mi (Bio-Rad) on 00 real-time CR Detection System ( pplied Biosystems) for e pressions of c-mip, R R t, o p , and I -1 R. he primer sequences are listed ( able 1). pression level was normalized to D . Data are shown as fold change to control.
Immunoblotting and Immunoprecipitation assay otal protein was e tracted from cultured podocytes and renal corte or isolated glomeruli using sequential sieving with modi ied RI buffer (150 mM NaCl, 1% N -40, 0.1% SDS, 0.5% D C, 50 mM ris Cl p .4, 0% glycerol) supplemented with protease and phosphotase cocktail inhibitors (Roche). Cytosolic and nuclear fractions were also e tracted by using proteome Cell Compartment it ( iagen). otally, 100 g of protein was used to run .5% or 15% SDS-, and then transferred to nitrocellulose membrane ( hermo Scienti ic). Membranes were rinsed once with ris-buffered saline containing 0.05% ween-0 ( BS), and thereafter blocked for 45 min in 5% BS BS to decrease non-speci ic background from the binding of primary antibodies. he membranes were then incubated with the indicated primary antibodies at 4 o C for overnight. fter 5 times washes with BS, membranes were incubated with R -con ugated secondary antibody for 1 h at room temperature. Blots were developed with an C chemiluminescence detection kit ( ierce). he speci ic band was scanned and then quanti ied with Image 1.4 (http://imagej.
nih.gov/ij).
Interaction of c-mip and N -B Rel (p65) was measured by using immunoprecipitation assay. otally, 00 g of lysis was incubated for h at 4 C with g of mouse anti-N -B Rel (p65) antibody (Sigma), followed by incubation with 5 l rotein Sepharose ( ealthcare Bioscience) at 4 C for overnight. he beads were washed ive times with 0.05% N -40 BS, and the precipitated proteins were resolved by 10% SDSand analyzed by immunoblotting with rabbit anti-c-mip antibody ( roteintech). Notably, normal non-immune mouse Ig ( lpha Diagnostics, San ntonio) was used as negative control.
Immuno luorescence staining Differentiated podocytes were treated with 100 ng ml of recombinant human I -1 (R D) for 6, 1 , 4 and 4 h, respectively. Cells were i ed with 4% paraformaldehyde ( ) freshly prepared in BS, and permeabilized with 0. 5% riton -100 BS. or labeling of actin cytoskeleton, le a 5 4-con ugated phalloidin (Invitrogen) was used. or staining of I -1 R, mouse anti-I -1 R ( bcam) was incubated for overnight at 4 o C. Double staining of c-mip and N -B Rel (p65) was performed by incubation with rabbit anti-c-mip and mouse anti-N -B Rel (p65) antibodies. fter washes, le a 5 4 or 4 -con ugated goat anti-mouse Ig and le a 5 4 con ugated goat anti-rabbit Ig (Invitrogen) were applied for 1 h. hen, coverslips were mounted with ro ong gold antifade reagent (Invitrogen).
issue staining of c-mip and I -1 R was performed on frozen kidney sections from N mice. issue sections were i ed with 4% BS, and permeabilized with 0. 5% riton -100 BS. o remove or decrease non-speci ic binding, sections were incubated with 10% goat serum BS. hen, rabbit anti-c-mip and mouse anti-synaptopodin ( rogen) antibodies, or mouse anti-I -1 R and rabbit anti-podocin antibodies ( bcam) were applied for h at room temperature. fter washes with BS, le a 5 4-con ugated goat anti-rabbit Ig and le a 4 -con ugated goat anti-mouse Ig (Invitrogen) were added and incubated for 1 h. fter washes, sections were mounted with ro ong gold antifade reagent. Images were taken by using laser scanning confocal microscope ( SM550, eiss) and processed with hotoshop CS6 ( dobe Systems).
Statistical Analysis
Statistical evaluation was performed by using ne-way N followed by ukey s multiple comparison test ( rism 4.0, raph ad). Results are presented as the mean S M. p < 0.05 was regarded as signi icant statistical differences. 
Results

Induction of c-mip in ADR-induced nephropathy (AN) mice
s previously reported [16, 1 ] , mice nephropathy induced by in ection of adriamycin (10.5 mg ml) in the present study, was evidenced by the evaluation of 4-h albuminuria, serum albumin and creatinine. In comparison with day 0 (0.6 0.1 mg), proteinuria developed obviously (p < 0.05) at day 5 (6.50 0.50 mg), peaked at day ( 1. 5 1.60 mg) and continued to day 14 (1 . 0. mg) and day 1 (15. 0. mg) in mice with DR in ections ( ig. 1 ). Correspondingly, the concentration of serum albumin decreased signi icantly (p < 0.05) at day (1 .
1.1 g ), day 14 (15.4 1.1 g ) and day 1(1 .0 1. 5 g ) in N mice compared to day 0 ( 4.6 1. 6 g ) ( ig. 1B). Nevertheless, the increase of serum creatinine was detected (p < 0.01) at day 1 ( 6.0 . mol ) as compared with day 0 (10.
1.4 mol ) ( ig. 1C). Induction of c-mip was initially identi ied in lymphocytes of patients with minimal change nephrotic syndrome [ ]. p-regulation of c-mip has been reported in several glomerular diseases and some e perimental kidney diseases [6, 1 , 0] . In this study, we investigated the e pression change of c-mip in peripheral blood mononuclear cells ( BMC) and kidney tissues from N mice. t mRN level, quantitative CR data showed that compared to day 0 (1.00 0.00), e pression of c-mip increased signi icantly (p < 0.05) since day ( .5 0. 0) and continued to day 14 ( . 6 0. 0) and day 1 ( .16 0. 6) in kidney tissues (corte ) following DR in ections. Nevertheless, in BMCs, DR induced a rapid increase of c-mip In kidney tissues, the abundance of c-mip was further e plored at protein level by using Immunoblotting assay.
Relative to -actin, the amount of c-mip protein was very low in control mice kidney (0.0 0.004). DR in ections led to an abrupt up-regulation (p < 0.001) of c-mip at day (0. 0.0 ) persisting to day 14 (0. 6 0.0 6) and day 1 (0. 0.0 6) ( ig. 1 ). o further clarify the distribution change of c-mip in glomeruli, double immuno luorescence labeling of c-mip and synaptopodin was performed in frozen kidney sections. Synaptopodin, a differentiated podocyte marker, is an actin-associated protein that may play a crucial role in actin-based cell shape and motility. linear distribution pattern of synaptopodin was revealed along glomerular capillary loops, and c-mip staining was not observed in normal mice glomeruli. Intensity of c-mip increased obviously, whereas synaptopodin decreased at day , 14 and 1 in N mice glomeruli. Moreover, distribution change of synaptopodin occurred remarkably in N mice, displaying as a punctate or dotlinear like manner. Co-localization of c-mip and synaptopodin was observed clearly in N mice glomeruli, indicating an induction of c-mip by DR in glomerular podocyte ( ig. 1 ).
Serum cytokines change in ADR-induced nephropathy (AN) mice
he mechanism by which DR induces podocyte in ury has been widely investigated, including both non-immune and immune factors [16, 1] . he level of several serum cytokines was assessed in the mice N model, including -, I -6, I -, I -1 , I -10 and I -4. In comparison with day 0, the serum levels of -, I -6, I -, and I -1 increased signi icantly (p < 0.05) since day 5 and persisted to day 1 in N mice ( ig. ). Nevertheless, serum I -10 level decreased obviously (p < 0.05) at day 14 and day 1 in N mice ( ig. ). Compared to control, there was no obvious change of serum I -4 level at any observed time points in N mice ( ig. ). 
Imbalance of circulating Th17 and Treg cells in ADR-induced nephropathy (AN) mice
Regulatory cells ( reg cells) and helper 1 ( h1 ) cells have been described as two distinct subsets from h1 and h cells that play opposite roles in some in lammatory and or immune diseases [10] . h1 cells are a subset of helper cells producing interleukin 1 (I -1 ) and I -.
-and I -6 is thought to drive differentiation of h1 cells in mouse. n the other hand, I -10 is required for the production of reg cells. he pro iling of serum cytokines that our data revealed suggested that the population of h1 cells increased while reg cells decreased in N mice ( ig. ). ere, the percentage of h1 and reg cells among CD4 + cells has been analyzed with low cytometry assay. In comparison with day 0, the percentage of h1 cells increased obviously (p < 0.05) since day 5 and peaked at day 14, whereas reg cells decreased dramatically (p < 0.01) at day 14 and day 1 in N mice ( ig. , B). In normal mice, reg cells are a predominant subset of CD4+ cells, whereas the ratio of h1 to reg cells was robustly reversed since day following DR in ections ( ig. C), implying that the balance between h1 and reg cells was completely disrupted in N mice.
o con irm the population changes of h1 and reg cells, the level of transcription factors R R t and o p that are respectively responsible for differentiation of h1 and reg cells [10] , was assessed by using quantitative CR assay. ur results showed that the mRN level of o p normalized to control (day 0) decreased signi icantly (p < 0.001) at day (0.65 0.044), day 14 (0.56 0.0 4) and day 1 (0.4 0.0 1), whereas R R t mRN 
Induction of IL-17R in ADR-damaged podocyte
Interleukin-1 receptor (I -1 R), a cytokine receptor which binds I -1 , has a large cytoplasmic tail providing docking sites for numerous signaling intermediates [ ]. Induction of serum I -1 by DR prompted us to address whether I -1 is involved in glomerular podocyte damage in N mice. he amount of I -1 was irstly measured in homogenate of kidney corte from N mice. s compared with day 0 (1. 0 0. 1), the level of I -1 in kidney corte increased signi icantly (p < 0.001) at day (10. 6 1.0 ), persisting to day 14 (1 .
1.6 ) and day 1 (11. 0. ) following DR in ections ( ig. 4 ). Mouse glomeruli were then isolated by using regular sequential sieving method, and the purity ( 65%) of glomeruli was checked under microscope ( ig. 4B). he amount of glomerular I -1 R was evaluated both at protein and mRN level in N mice. Immunoblotting assay revealed that in comparison with day 0 (1.0 0.00), the protein level of I -1 R increased signi icantly (p < 0.05) at day ( . 6 0.0 ) and continued to day 14 ( .5 0.0 ) and day 1 (1.45 0.05 ) after DR in ections ( ig. 4C). Similarly, I -1 R mRN level measured by quantitative CR in N mice glomeruli increased remarkably (p < 0.05) at day (1.5 0.104) continuing to day 14 ( . 0.116) and day 1 ( .06 0.06 ) compared to day 0 (1.0 0.00) ( ig. 4D).
ocalization and distribution change of I -1 R was further analyzed by immuno luorescence staining in N mice glomeruli. odocin, a speci ic marker of podocyte, was used to indicate the position of podocyte. In normal mice kidney, I -1 R e pression was not observed, while podocin showed very strong staining and a well linear distribution pattern along glomerular capillary loops. DR in ection induced an obvious increase of I -1 R in glomeruli since day persisting to day 14 and 1. bvious change of podocin intensity was not observed in N mice glomeruli. Nevertheless, DR resulted in a signi icant distribution change of podocin presenting as a punctate or dot-linear manner. t day , most of I -1 R seemed to be localized in mesangial or endothelial cells, while colocalization of I -1 R and podocin was clearly revealed at day 14 and day 1 in N mice glomeruli ( ig. 4 ), suggesting that up-regulation of I -1 R in podocyte may play an important role in mice N. Induction of I -1 R by DR in glomerular podocyte was further con irmed in vitro. DR was applied to the cultured mouse podocyte for different time periods. Immunoblotting assay detected a speci ic band of I -1 R with the e pected size of 6 kDa ( ig. 5 ). s compared with control (0 h 1.0 0.00), quantitative data displayed a remarkable (p < 0.001) induction of I -1 R at 4 h ( .0 0.105) and 4 h ( .51 0.10 ) after DR treatment ( ig. 5 ). Immuno luorescence staining revealed that intensity of I -1 R increased obviously since 6 h after DR application. Notably, robust increase of I -1 R was observed at 4 h and 4 h in DR-treated podocytes ( ig. 5B).
Podocyte damage induced by recombinant mouse IL-17 (rIL-17)
he role of I -1 was addressed in cultured podocytes. irstly, effects of recombinant mouse I -1 (rI -1 , 100 ng ml) on podocyte apoptosis was investigated in cultured mouse podocyte. s compared with control (0 h . 0 0.654), the percentage of apoptotic cells increased signi icantly (p < 0.001) at 4 h ( . 5 0. 5) and 4 h (1 .5 0. ) in rI -1 treated podocytes ( ig. 6 ).
Immunoblotting assay also showed that compared to 0 h (1.0 0.00), application of rI -1 induced a signi icant (p < 0.01) increase of the cleaved activated caspase at 1 h (1.6 0.14 ), 4 h ( .0 0.11 ) and 4 h (1. 6 0.0 ) ( ig. 6B). Moreover, the level of proapoptotic protein Ba and cytochrome c (Cyt c) was also increased remarkably (p < 0.01) at 1 h (Ba 1. 0. 0 Cyt c 1. 5 0.1 6), 4 h (Ba . 0.101 Cyt c . 0.1 ) and 4 h (Ba .6 0.1 5 Cyt c 1. 6 0.1 ) in rI -1 treated podocytes ( ig. 6C). he effects of I -1 on cellular actin organization were revealed by using le a 5 5-con ugated pholloidin staining in cultured podocytes. Normal podocyte shows a well-organized network of actin cytoskeleton presenting with many thin and long actin ilamentous. owever, actin ilamentous disappeared and cortical cytoskeleton was observed at 1 , 4 and 4 h in rI -1 treated podocytes ( ig. 6D). 
Cellular Physiology and Biochemistry
Induction of c-mip and down-regulation of tyrosine phosphorylated nephrin in rIL-17 mediated podocyte damage
he mechanism by which induction of I -1 I -1 R by DR led to podocyte damage was e plored in rI -1 mediated podocyte damage model. uantitative CR data displayed that the mRN level of c-mip normalized to control (0 h) increased signi icantly (p < 0.01) at 4 h (1. 0.1 5) and 4 h ( .0 0.105) following rI -1 application ( ig. ). Moreover, the obvious e pression increase of c-mip protein at 4 h ( .16 0.1 ) and 4 h ( . 0.14 ) was con irmed (p < 0.01) by Immunoblotting assay in rI -1 treated podocytes ( ig. B). yrosine phosphorylated status of nephrin, a key podocyte protein, is required for maintaining the integrity of slit diaphragm and thus the glomerular iltration ilter [ , ] .
ere, the effects of rI -1 on nephrin phosphorylation level were evaluated. he level of total nephrin protein that was normalized to control (0 h ( ig. ). Consistently, down-regulation of phosphor-nephrin in rI -1 treated podocytes (0. 1 0.056) was effectively (p < 0.01) inhibited by c-mip shRN (0. 66 0.044) ( ig. ).
Perturbation of N -activation by c-mip in rIL-17 mediated podocyte damage
he transcription factors of the N -B family are key regulators of immune and in lammatory responses and contribute to cytokine production and cell survival. ollowing rI -1 application in cultured podocytes, translocation of N -B Rel (p65) to nuclei occurred rapidly, peaking at 0 min, and then was disturbed at the late stage 1 h and 4 h ( ig. ), corresponding to overproduction of c-mip during this period. Interaction of c-mip and Rel (p65) was detected by immunoprecipitation assay at 4 h after rI -1 treatment ( ig. B), which may be responsible for prevention of N -B translocation. Double staining of c-mip and N -B Rel showed that Rel was mainly distributed in cytoplasm in normal podocytes, and nuclear N -B was obviously observed at 0 min following rI -1 application. Moreover, colocalization of N -B and the overproduced c-mip was revealed predominantly in cytoplasm at 4 h in rI -1 treated podocytes ( ig C). Silence of c-mip prompted continuous nuclear translocation of N -B ( ig. D), and prevented reduction of anti-apoptotic protein Bcl-( ig. ) in rI -1 treated cells. ersistent activation of N -B was obtained by use of M during rI -1 treatment ( ig. ). In rI -1 -treated podocytes, the use of M decreased podocyte apoptosis ( ig. ) and increased Bcl-level ( ig.
), but had no effect on phosphor-nephrin level ( ig. I).
Discussion
odocyte is a predominant and direct target in various proteinuric glomerular diseases including minimal change, the most common nephrotic syndrome (NS) in children. Studies in humans and animal models have shown that the pathogenesis of idiopathic NS is associated with changes in the immune responses, such as the abnormal response of lymphocytes and the increased production of local cytokine release [ , ] . It is still unclear whether there is a potential relationship between lymphocyte abnormality and glomerular podocyte in ury, and whether there is a putative factor produced by immune cells that can alter podocyte function leading to nephrotic proteinuria.
Recently, increased e pression of c-maf inducing protein (c-mip) was found in podocyte as a mechanism for podocyte in ury and proteinuria in both human and e perimental kidney diseases [6, , 1 , 0] . Initially, c-mip was identi ied in lymphocytes of NS patients e periencing a relapse [ ]. ransgenic mice overe pressing c-mip in podocytes develop heavy proteinuria without any in lammatory lesions or cell in iltration [6] . ere, e pression and distribution of c-mip was assessed in N mice. s previously reported [16] , N was successfully induced in the present study, evidenced by the similar pro ile of proteinuria, serum albumin and creatinine following DR in ections ( ig 1 -C). In this model, overproduction of c-mip mRN and protein in kidney corte was not observed until after day ( ig 1 D, ), while overt proteinuria started at day 5 following DR in ections, suggesting that c-mip is seemingly involved in the progression rather than the development of podocyte in ury in this model. he localization of overproduced c-mip in glomeruli was further evaluated by using double staining with a podocyte speci ic marker synaptopodin. he abundance of synaptopodin decreased slightly in comparison with control, and co-localization of c-mip and synaptopodin was revealed in N mice glomeruli ( ig 1 ), indicating an induction of c-mip in glomerular podocyte by DR. p-regulation of c-mip was also reported in angiotensin II-mediated podocyte in ury [ 4] . Interestingly, the increase of c-mip mRN in BMC occurred earlier than that in kidney glomerular in N mice ( ig 1D), suggesting that some serum factors or cytokines may be responsible for the induction of c-mip both in BMC and glomerular podocytes. Some studies reported that children with NS e hibited a reduction in regulatory ( reg) cells that is parallel to an increase in helper 1 ( h1 ) cells [1 ] . In the present study, the percentage of h1 cells increased remarkably at day 5, persisting to day 1 ( ig ), while that of reg cells decreased remarkably at day 14 and day 1 ( ig B), indicating that the balance of reg and h1 cells was disturbed in N mice. he transcription factor o p and R R t act in the conversion of na ve CD4+ cells into reg and h1 cells, respectively [1 ] . ere, the induction of o p mRN and the reduction of R R t mRN in BMC were veri ied by quantitative R -CR ( ig D, ).
-, I -6 and I -induce differentiation of CD4+ na ve cells to h1 cells, which can produce I -1 and I - [15] . Nevertheless, reg cells mainly produce I -10 and I N-[ , 14 ]. herefore, the pro iling of serum cytokines was measured in this model. IS analysis showed that DR induced a rapid and robust increase of -, I -6, I -and I -1 , while a remarkable reduction of I -10 ( ig ). ll of these indings demonstrated an increase of h1 cells and an induction of serum I -1 in N mice.
I -1 acts as a potent mediator that result in destructive tissue damage by binding to a type I cell surface receptor called I -1 R through a diverse of signal transduction pathway [14] . Notably, the amount of I -1 in homogenate of kidney corte from N mice increased signi icantly since day and persisted to day 1 ( ig 4 ). In human patients with MCNS, mesangial proliferative glomerulonephritis (Ms N) or ocal segmental glomerulosclerosis ( S S), immunohistochemistry staining showed that the intensity of I -1 increased as well in renal biopsy tissue [ 5] . o e plore whether I -1 R was induced in N mice, mouse glomeruli was isolated by using a sequential sieving procedure, and the purity about 60% was con irmed under phase contrast microscope ( ig 4B). he amount of glomerular I -1 R increased obviously both at mRN and at protein level in N mice ( ig 4C, D). Double staining of I -1 R and a podocyte marker podocin displayed that the increased I -1 R was predominantly localized in podocyte ( ig 4 ). In cultured mouse podocytes, Immunoblotting assay and immuno luorescence staining showed that DR application also upregulated the e pression of I -1 R ( ig 5), indicating the presence of I -1 R in podocyte. hese in vitro and in vivo indings suggest that the overproduced I -1 by DR may function on glomerular podocyte by binding to its receptor I -1 R on the surface of poodcyte.
he function of I -1 was further investigated by applying recombinant mouse I -1 (rI -1 ) to cultured podocytes for different time periods. Cellular apoptosis assay revealed that rI -1 time-dependently led to increase of podocyte apoptosis ( ig 6 ). Immunoblotting assay showed that the cleaved caspase as well as the proapoptotic protein Ba and cytochrome c increased remarkably in DR-treated podocytes ( ig 6B, C). Similarly, it was reported that rI -1 also promoted podocyte apoptosis, and increased caspase in cultured podocytes [ 5] . ere, phalloidin staining displayed that rI -1 also caused disorganization of actin cytoskeleton in cultured podocytes, evidenced by the disappearance of actin ilamentous and the induction of actin nucleation ( ig 6D). Moreover, induction of c-mip mRN and protein was irstly identi ied in rI -1 treated podocytes ( ig , B). Immunoblotting assay showed that rI -1 led to a slight reduction of total nephrin. Nevertheless, it was reported that the same dose of rI -1 had no effect on the e pression of nephrin, but resulted in a decreased e pression of another podocyte protein podocaly in in cultured podocytes [ 5] . Importantly, phosphor-nephrin level was measured here by quantitative immunoblotting assay, and our data show a dramatic reduction of phosphornephrin by rI -1 ( ig C). It has been demonstrated that overe pressed c-mip binds yn and prevents the phosphorylation of nephrin and the recruitment of N-S and Nck, thus disturbing downstream signaling events, ultimately resulting in cytoskeleton disorganization and protein leakage [6] . Consistently, the active form (p 41 ) of Src kinase decreased while the inactive form (p 5 ) increased in rI -1 -treated podocytes ( ig D), implying that the conformation change of Src kinase induced by rI -1 may be responsible for downregulation of nephrin phosphorylation. In angiotensin II-induced podocyte damage, the activity of Src kinase yn was also inhibited by overproduced c-mip [ 4] . It should be noted that phosphor-nephrin level may be better than total nephrin to be used to assess the effects of in ury factor on podocyte pathophysiologies since the active status of nephrin (phosphornephrin level) is required for induction of the downstream signaling. Moreover, knockdown of c-mip was performed by using shRN speci ically targeted to mouse c-mip gene in rI -1 -treated podocytes ( ig ). Silencing of c-mip decreased cellular apoptosis ( ig ), and inhibited down-regulation of nephrin phosphorylation ( ig ) in rI -1 treated podocytes. In S nephropathy mice, induction of c-mip was detected, and c-mip knockdown prevented the induction of proteinuria and inactivation of nephrin and kt [6] .
he N -B transcription factors are key intracellular regulators that are induced by immune and in lammatory responses [ 6] . N -B proteins include N -B (p5 p100), N -B1 (p50 p105), c-Rel, Rel (p65), and RelB [ 6] . he hallmark of N -B activation is the translocation of dimeric Rel protein to nucleus where, either alone or in combination with other transcription factors, they induce e pression of target gene regulating a diverse of biological processes such as cell survival, apoptosis, proliferation, immunity, and in lammation [ 6] .
ollowing rI -1 application in cultured podocytes, translocation of N -B Rel to nuclei occurred very rapidly, which was then disturbed at the late time points 1 h and 4 h ( ig. In rI -1 -treated podocytes, the use of M decreased podocyte apoptosis ( ig. ), but had no effect on phosphor-nephrin level ( ig. I). hese indings suggest a dual role of overproducing c-mip in I -1 damaged podocyte. Inhibition of N -B Bcl-pathway by c-mip is responsible for induction of podocyte apoptosis, while inhibition of Src kinase phosphor-nephrin pathway by c-mip is likely required for actin cytoskeleton disorganization. he indings from the above S work prompt us to think about whether overproduced c-mip by I -1 leads to podocyte in ury via upregulation of B -1 and cathepsin e pression by activating N -B, which is useful for us to deeply understand the elaborate function of N -B in I -1 induced podocyte in ury. urthermore, the mechanisms by which I -1 R signaling induces c-mip should be further investigated. In this study, activation of N -B occurred rapidly, and then was disturbed in rI -1 treated podocytes. Induction of c-mip was detected at the late time points. It was reported that I -1 R may activate N -B through R 6 [ 0] . e propose that early activation of N -B might be mediated by R 6, which may be responsible for induction of c-mip. Subsequently, overproduced c-mip could inhibit N -B activity by blocking its further nuclear translocation through binding to Rel in cytoplasm. Nevertheless, it has been identi ied that c-mip promoter has N -B binding element, and the binding of N -B Rel inhibits c-mip transcription in vitro [ 1] . herefore, the crosstalk between N -B and c-mip should be further studied. In macrophages, I -1 In I -1 induced podocyte damage model, elucidation of the pro imal signaling induced by I -1 will prompt us to deeply understand the molecular mechanisms by which I -1 R signaling induces c-mip e pression. dditionally, our indings that I -1 is induced in DR nephropathy mice and that rI -1 leads to cultured podocyte damage suggest that I -1 may be involved in podocyte damage and thus proteinuria development. owever, the direct evidence whether I -1 induces podocytopathy and proteinuria in vivo should be further investigated in mice by in ection of rI -1 .
In sum, our indings showed that the population of h1 cells and the serum I -1 level as well as the abundance of podocyte c-mip and I -1 R was increased in N mice, and that overproduced c-mip by I -1 led to cultured podocyte in ury through different pathway i) down-regulating phosphor-nephrin level via inhibition of Src kinase activity responsible for actin disorganization, and ii) decreasing Bcl-level via inhibition of N -B activity responsible for podocyte apoptosis, respectively.
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